Summary. The problem of the HLA association of Type t (insulin-dependent) diabetes was re-examined by testing Class II antigenic specificities detectable by radioimmunoassay. Established (DRw53, DQwl, DQw2, DQw3) as well as newly described (DC5, DCalpha3) specificities were typed. The data obtained suggest that the association with DR3 and DR4 is secondary to that with DQ specificities in linkage disequilibrium with DR3 and DR4.
betes.
The association of Type 1 (insulin-dependent) diabetes with DR3 and DR4 has been firmly established [1] [2] [3] [4] [5] [6] . However, a major unsolved problem is the precise identification, within the HLA-D region, of the gene or genes responsible for the development of the disease. In fact, the HLA-DR locus, to which the Type I diabetesassociated alleles DR3 and DR4 belong, is closely linked to at least three additional polymorphic loci. One resides in the same DR subregion and codes for the beta subunit of a second subset of DR molecules, also called BR subset [7] . Two are located in the DQ subregion and code for the alpha and beta subunit of DQ molecules. Between the alleles of these four polymorphic loci an extremely high degree of linkage disequilibrium exists so that they are arranged in relatively few haplotypic combinations which are transmitted "in block". Thus, the association with DR3 and DR4 merely indicates that there are factors contributing to susceptibility to Type I diabetes in the two haplotypes. However, the factors primarily involved could be either DR3 and DR4 themselves, or they could be other alleles at polymorphic loci in the DR/DQ subregions in linkage disequilibrium with DR3 and DR4. A more precise identification of the locus or loci involved may be proposed when additional polymorphic determinants in these subregions become recognizable, allowing a subdivision of DR3 and DR4 haplotypes in different subtypes. Depending on which subtypes turn out to be disease-associated, it should be possible to pinpoint the locus which is the most likely candidate for primary association.
By applying a radio-chemical analysis of Class II molecules, we have recently detected two additional DQ polymorphic determinants, DCalpha3 [8] and DC5 [9] . DCalpha3 is associated with DR3, 5 and w12 and DC5 is associated with DR4 and 5 and w12. Interestingly, DCalpha3 is possessed by all DR5 and DRw12 haplotypes but only by about 70% of DR3 haplotypes. Analogously, DC5 is present on all DR5 and DRw12 haplotypes but only on about 20% of the DR4 haplotypes. With the increased variety of available markers, it is now possible to distinguish two DR3 haplotypes (DCalpha3-positive and DCalpha3-negative) and two DR4 haplotypes (DC5-positive and DC5-negative). It is then important to test whether Type 1 diabetes is associated with DR3 and DR4 irrespective of the alternative markers present on the same haplotypes or, on the contrary, whether there is a selective association with some haplotypes and not with others.
The present report addresses this issue through the typing of 100 Type 1 diabetes probands by radioimmunoassay.
Subjects and methods

Patients
All patients included in this study had been followed by the Juvenile Diabetes Service of the Pediatrics Clinic of the University of Rome. They were diagnosed as having Type 1 diabetes according to the criteria of the National Diabetes Data Group [10] and were of Italian Caucasoid origin. The patients presented in this study were all unrelated. Of the 100 patients, there were 51 males and 49 females with mean age of diabetes 10.1, range 2-30years. All patients had been typed for HLA-A,B,C and DR specificities by the cytotoxicity test.
Radioimmunoassay typing
The radioimmunoassay typing consisted of immune-inhibition assays using lymphocyte lysates. Purified, radio-iodinated Class 11 molecules carrying the alloantigenic determinant under test provided the labelled antigen. Their binding by the corresponding alloantiserum is competed by the lymphocyte sample if this contains the antigen being tested. The general methodology involved has been described previously [11, 12] . The typing of each antigen required the establishment of a specific radioimmunoassay comprised of a suitable radio-labeled Class II preparation and its corresponding alloantiserum. For example, typing of DC5 was performed as follows: Class II molecules were purified starting from a DC5-positive lymphoblastoid cell line, LG38 (DR5; DRw52; DQw3; DC5; DCalpha3), and were labelled with 125I. DQ molecules, where the DC5 determinant is located, were then enriched by eliminating DR molecules with a rabbit anti-DR alpha antiserum. The labelled preparation thus obtained was matched with a specific anti-DC5 alloantiserum, T030/18. This binding was detected by a double precipitation test, using goat anti-rabbit immunoglobulin as the precipitating reagent. Finally, lysates from cells to be tested, obtained by adding to cell pellets a non-ionic detergent, Renex-30, were added to the reaction mixture and their effect on the binding was measured. Inhibition corresponded to DC5-positivity, and lack of inhibition to DC5-negativity. Detailed experimental conditions for each radioimmunoassay have been listed in Table 1 Results A group of 100 unrelated Type 1 diabetic patients were studied. Cytotoxicity typing showed that 85 patients were positive for DR3 and/or DR4, with 28 DR3-positive, 24DR4-positive and 33DR3/4 heterozygotes. Lymphocyte samples from the patients were lysed by addition of a non-ionic detergent (see Methods) and tested as inhibitors of the binding reactions listed in Table 1 A. All these specificities can be defined as "supertypic", since they are associated, due to linkage disequilibrium, with two or more DR specificities which are thus "subtypic" to them. Some of these associations are complete, while others are partial and are indicated in brackets in Table I B. The association of DQwl with DR1 is complete, since 100% of DRl-positive individuals are also DQwl-positive; the association of DQw2 with DR3 is partial, since only about 65% of DR3-posifive normal individuals are also DQw2-positive. The data obtained in the patients with reference to the known association patterns are shown in Table 1 B. Positivity for DRw53 and DQwl followed the distribution of their associated subtypic specificities with no exceptions. DQw2 was positive in all 61 DR3-positive individuals (including four DR3/7 heterozygotes) and in 6 out of the 8 remaining DR7-positive individuals. Two of the DR7 patients possessed the less frequent DQw3-associated DR7 haplotype which is also associated with Dw11 (11). DQw3 was positive in all 12 DR5 patients (including four DR4/5 heterozygotes) in the two abovementioned DR7 patients and in 51 of the remaining 53 DR4 patients. Two of the DR4 patients typed negative for DQw3. This corresponds to a particular DR subtype associated with the Dwl 5 specificity and which is more usually found in Asian populations. Ten of the DR7 individuals (i. e. those DQw2-associated) were also negative for DQw3. DCalpha3 was positive in all DR3 and DR5 patients (including one DR3/5 heterozygote). DC5 was positive in all 12 DR5-positive patients (including four DR4/5 heterozygotes) and in four of the remaining DR4 patients.
The most relevant data concern the definition of the haplotypes involving DR3 and DR4. All 61 DR3-positive patients possessed the DR3-positive, DQw2-positive, DCalpha3-positive haplotype. This is significantly different from the distribution in the normal population, (p= 1.6 x 10-5), where 7 individuals out of 19 tested carried the alternative DR3-positive, DQw2-negative, DCalpha3-negative haplotype (Table 2) . A similar, though less significant deviation was observed for DR4 in its association with the new DQ specificity DC5. Among DR4-positive patients, only those negative for DR5 were considered for this calculation, since the DC5-positivity would be contributed by the DR5 haplotype. Out of the 53 DR4-positive patients, only four were DC5-positive. This is significantly different from normal population (p = 0.008), where 7 individuals out of 21 tested were DC5-positive (Table 2) . Two DC5-pos-itive patients were found in the DR4/X group, and an other two in the DR3/4 group.
Discussion
Previous studies performed at the DNA level have suggested that Type I diabetes may have a stronger association with restriction fragment polymorphisms in the DQ rather than in the DR region [12, 13, 14] . Obviously this does not constitute a proof of an higher association with polymorphic variations of the products of the HLA DQ region. This possibility must be tested necessarily at the protein (or at the RNA) level. Typing of DQ specificities by the classical cytotoxicity test presents some problems due to the low representation of DQ molecules on the cell surface as compared with DR molecules and to the presence in DQ antisera of antibodies against "subtypic" DR specificities associated, by linkage disequilibrium, with the DQ specificity under test. These problems are avoided by using immunochemical methods, where purified DQ molecules can be used as labelled antigens. RIA typing offers additional advantages in terms of specificity and reproducibility as previously discussed [11, 15] . The availability of purified, radio-labeled Class II antigens makes it possible to set up binding reactions with specific alloantisera, revealing distinct antigenic determinants. Lymphoid cells can compete for the binding of the radio-labelled antigen if they possess the same determinant. Accordingly, lymphocyte samples can be typed as positive or negative based on their inhibition capacity. This method provides a reliable typing of known supertypic specificities such as "second DR" or "BR" locus determinants (DRw52 and DRw53) and DQ determinants (DQwl,-w2 and -w3). In addition, some newly discovered DQ specificities, such as DC5 and DCalpha3, which are relevant to the HLA association of Type 1 diabetes (see above), can only currently be typed by radioimmunoassay.
The data obtained show that Type 1 diabetes is associated with only one of the two recognizable DR3 haplotypes, i.e. with the DR3; DRw52; DCalpha3; DQw2 haplotype and not with the DR3; DRw52; blank; blank haplotype. The 61 DR3-positive patients, with no exception, possessed the former haplotype. The logical conclusion is that the "true" association of the disease is not with DR3 but, possibly, with a DQ determinant. The DQ determinants directly involved in the disease, however, cannot be DCalpha3 or DQw2 themselves, because these specificities are not exclusive to the DR3 haplotype. Both in patients and in controls DCalpha3 is supertypic to DR3 and DR5, and DQw2 is supertypic to DR3 and DR7. Neither DR5 or DR7 are associated with Type 1 diabetes. Thus, the structure directly associated with the disease must be either another polymorphic variation in linkage disequilibrium with DCalpha3 and DQw2 or some "new" determinant generated by specific DQalpha-DQbeta subunit associations (see below).
As to DR4, Type 1 diabetes appears to be associated with the DR4; DRw53; DQw3; DC5-negative haplotype rather than the DR4; DRw53; DQw3; DC5-positive haplotype. This differential association is significant. It is, however, not so evident as in the case of DR3, since four exceptions were observed out of 57 DR4-positive patients. Thus, in the case of DR4 it also seems more likely that the association is with a DQ determinant rather than with DR4, which is shared by both associated and non-associated haplotypes.
These conclusions, based on serological analysis, can be questioned if one bears in mind that different structures may underlie the same serological specificity. Thus, the diabetes-associated and the non-diabetes-associated DR3 or DR4, although indistinguishable by serology because of the limited discrimination power of alloantisera, may nevertheless be different structurally. This structural difference, in a DR gene, could be responsible for susceptibility to diabetes. Such a possibility is difficult to eliminate. Indeed, very limited sequence differences have been demonstrated in DR4 genes of different haplotypes [16] . Similar information is not yet available for the DR3 subtypes. Therefore, conclusions based simply on serology must be taken with caution until the precise structural basis of each specificity is known. Parallel evidence for a DQ rather than DR association of Type i diabetes comes from restriction fragment length polymorphism studies showing a high degree of association with patterns detected by a beta-DQ probe [12, 13] and by an alpha-DQ probe [14] . Some of the data obtained with a beta-DQ probe can be directly related to our observation. As shown by Cohen-Haguenauer et al. [13] DR4-positive individuals may possess one of two fragment clusters, DQR4 and DQR5, the latter being shared by DR5-positive individuals. Type 1 diabetic patients show a predominance of the DQR4 cluster. An obvious parallelism can be seen between DQR5 and DC5 as to their distribution in the normal population as well as in Type 1 diabetic patients.
A DQ association of the disease would help us understand the deviation from Hardy-Weinberg equilibrium consistently detected in all studies. According to an appealing hypothesis [17] , the susceptibility to diabetes would be due to an heterozygous determinant originating from the association of DQ alpha subunit of one haplotype and the DQ beta subunit of the other involved haplotype. Since, unlike the case of DR genes, both DQ genes are polymorphic, conceivably only some alpha-beta associations and not others are effective. This would explain the high proportion of DR3/4 heterozygotes [3, 4, [18] [19] [20] , the higher degree of concordance of DR3/4 monozygotic twins [21] and the decreased proportion of either DR3/3 or 4/4 homozygotes which has also been observed in some studies [3, 19] . Also, it would explain why, unlike most HLA Class II-associated diseases, Type 1 diabetes is associated not with a single haplotype with two haplotypes which do not share any recognizable specificity. In a similar case, i. e. coeliac disease, the apparent association with two DR alleles, DR3 and DR7, could be explained by their sharing a defined DQ specificity, i.e. DQw2 [22] . This is clearly not the case for Type 1 diabetes, for which a different explanation must be sought.
Our data demonstrate that patients which are DR3/4 heterozygous almost always (in 31 cases out of 33) possess both "pathological" haplotypes, i. e. D M ; DRw52; DCalpha3; DQw2 and DR4; DRw53; DQw3, DC5-negative. This cannot be easily explained if the development of the disease originates from a single gene product. It is better understood if a sort of "cooperation" is required between the products of the two haplotypes, perhaps as complementation of DQ genes.
